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(54) Apparatus and process for increasing uniformity of sputtering rate in sputtering apparatus. 

(57) An improvement in a sputter deposition ap- 
paratus and process for sputtering is described 
wherein the surface of the sputtering target 
(11), adjacent its outer edge, is provided with a 
taper (14) which reduces the redeposition rate 
thereon of back scattered atoms previously 
sputtered from the target surface. When the 
sputtering apparatus includes a magnetrom 
(40), the modified target (11) acts to decrease 
the distance of the ions in the plasma from the 
magnetron to thereby increase the deposition 
rate adjacent the tapered portion of the target. 
The angle a of the tapered portion (14) of the 
target, with respect to the central portion of the 
target surface, must be at least about 30°, and 
preferably varies from about 35° to about 70°, 
and most preferably from about 40° to about 
60°. In a preferred embodiment, a second taper 
(16) extends outwardly of the first taper (15) to 
provide a more uniform gap (d) between the 
outer edge of the target (11') and the portion 
(31) of the shield (30) parallel to the wall of the 
sputtering apparatus. The angle of the second 
tapered surface will range from about 70° to 
about 85°, with respect to the central portion of 
the target surface, preferably from about 75° to 
about 83°, and typically from about 78° to about 
80°. That is the angle of the outermost tapered 
surface on the sputtering target, with respect to 
a plane perpendicular to the central portion of 
the target surface, may vary from about 5° to 
about 20°. preferably from about 7° to about 15°, 
and typically from about 10° to about 12°. 
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This invention relates to an apparatus and a proc- 
ess for sputtering which is useful in the formation of 
integrated circuit structures on semiconductor wa- 
fers. More particularly, this invention relates to an ap- 
paratus and a process for increasing the uniformity of 
the sputtering rate of sputtering apparatus useful in 
the formation of integrated circuit structures on sem- 
iconductor wafers. 

In the deposition of materials onto a substrate by 
sputtering f rom a target, the sputtered atoms from the 
target are scattered in various directions, including 
back to the target where they may then be resputtered 
by the ions, e.g., argon ions, impinging on the target. 
However, sputtered atoms which are scattered back 
to redeposit on the target do not adhere well to the tar- 
get. Therefore, if such atoms are not resputtered, they 
may build up as a poorly bonded mass of materials 
which eventually flake off, giving rise to undesirable 
particle formation in the deposition chamber. 

Unfortunately, the sputtering rate is not uniform 
across the entire face of the target, in part due to the 
presence of a grounded shield adjacent the periphery 
of the target which serves to protect the walls of the 
deposition chamber from deposition of the sputtered 
atoms. Thus, while the scattering and redeposition of 
sputtered atoms in the chamber is fairly uniform, 
sputtering of the redeposited atoms (i.e., resputter- 
ing) is not uniform, with less of the redeposited atoms 
being resputtered adjacent the periphery of the target 
(which is usually circular in shape). 

When a single material such as a metal, e.g., ti- 
tanium, is being sputtered, the sputtering rate is usu- 
ally sufficient that the above-described redeposition 
does not create a problem. That is, the resputtering 
rate is still sufficient to inhibit excessive build up of re- 
deposited metal at the edges of the target. 

However, when reactive sputtering is carried out 
in the deposition reactor, wherein the sputtered metal 
atoms react with a gas in the chamber to form a metal 
compound on the surface where the metal atoms de- 
posit, such a metal compound may have a lower sput- 
ter rate than the metal itself. When the sputtered met- 
al atoms redeposits on the target surface and react 
with the reactive gas to form the metal compound, this 
metal compound is sometimes resputtered at an in- 
sufficient rate to prevent or inhibit the undesirable 
build up of a poorly adherent mass, thus giving rise 
to the above described undesirable formation of par- 
ticles in the chamber as the metal compound flakes 
off the target surfaces where it has formed. 

This redeposition and particle formation problem 
has been found to be of particular importance in the 
reactive sputter deposition of titanium nitride on a 
substrate surface, e.g., the surface of a semiconduc- 
tor wafer. The sputtered titanium atoms, when scat- 
tered and redeposited onto the target surface, react 
with the nitrogen gas in the chamber to form titanium 
nitride on the target surface. This titanium nitride, in 



turn, sputters at a lower rate than does titanium met- 
al. When the titanium nitride forms at the periphery of 
the target surface, the combination of redeposition 
and a lowered resputtering rate results in a gradual 

5 build up of poorly adherent titanium nitride at the per- 
iphery or edge of the target, thus giving rise to particle 
formation as the material flakes off the target. 

It would, therefore, be desirable to provide a sput- 
tering apparatus and a process capable of reducing 

10 the amount of such redeposition of the sputtered ma- 
terial at the edge of the target and/or to increase the 
sputtering rate, at the edges of the target, of the re- 
deposited material; particularly when reactive sput- 
tering is carried out in the apparatus and the redepos- 

15 ited material forms a compound by reaction of the ini- 
tially redeposited material with a reactive gas present 
in the sputter deposition chamber. 

It is, therefore, an object of this invention to pro- 
vide an improved apparatus and process for sputter 

20 deposition, and in particular for reactive sputtering, 
wherein redeposition of sputtered material at the 
edge of a target is inhibited, while the sputter rate at 
the edge of the target is enhanced. 

In accordance with the invention, in a sputter de- 

25 position apparatus, the surface of a sputtering target 
adjacent the outer edge of the target is provided with 
a taper which reduces the redeposition rate thereon 
of back scattered atoms previously sputtered from 
the target surface. When the sputtering apparatus in- 

30 eludes a magnetron, the modified target acts to de- 
crease the distance of the ions in the plasma from the 
magnetron to thereby increase the deposition rate ad- 
jacent the tapered portion of the target. The angle of 
the tapered portion of the target, with respect to the 

35 central portion of the target surface, must be at least 
about 30° and preferably varies from about 35° to 
about 70°, and most preferably from about 40° to 
about 60°. In a preferred embodiment, a second taper 
extends outwardly of the first taper to provide a more 

40 uniform gap between the outer edge of the target and 
the portion of the shield parallel to the wall of the sput- 
tering apparatus. The angle of the second tapered 
surface will range from about 70° to about 85° ; with 
respect to the central portion of the target surface, 

45 and preferably from about 75° to about 83°. That is the 
angle of the outermost tapered surface on the sput- 
tering target, with respect to a plane perpendicular to 
the central portion of the target surface, may vary 
from about 5° to about 20°, and preferably from about 

so 7° to about 15°. 

The following is a description of a number of em- 
bodiments of the invention reference being made to 
the accompanying drawings, in which 

Figure 1 is a fragmentary vertical cross sectional 

55 view of a prior art sputter deposition apparatus show- 
ing the back scattering of sputtered atoms back to the 
surface of the target. 

Figure 2 is a fragmentary vertical cross sectional 
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view of the sputter deposition apparatus of Figure 1 
provided, however, with the target of the invention 
showing the difference in the amount of back scat- 
tered sputtered atoms which will strike the surface of 
the target at the periphery of the target where the ta- 
pered surface has been provided. 

Figure 3 is an enlarged fragmentary vertical side 
section view of a portion of Figure 2, showing the an- 
gle and dimensions of the tapered surface of the tar- 
get. 

Figure 4 is a fragmentary vertical side section 
view of another and preferred embodiment of the ta- 
pered target of the invention, having two tapered sur- 
faces. 

Figure 5 is a plan view of the shield and tapered 
target shown in Figure 4, showing, from beneath, the 
widths of the respective tapered surfaces. 

Referring now to Figure 1, a typical prior sputter 
deposition apparatus is shown (in skeleton form) 
comprising a chamber 2, having a grounded chamber 
wall 6; a generally circular target 10; a wafer support 
member 20; and a generally circular shield 30 which 
surrounds target 10. Above target 10 is positioned a 
magnetron 40 which generates a magnetic field with- 
in chamber 2 to influence the travel of ionized gases 
within chamber 2. 

Target 10 comprises a generally circular central 
portion having a generally planar surface 12 theroon 
and a wing portion 10a which is used to mount target 
10 in chamber 2. Target 10 is electrically insulated 
from grounded chamber wall 6 by appropriate insula- 
tion means such as o-ring 8, which also provides a 
seal between chamber wall 6 and target 10. When an 
ionizable gas such as argon is admitted into chamber 
2, it is ionized by placing a potential on target 10, e.g., 
- 500 volts DC, by a power source (not shown). 

Wafer support member 20 may be grounded or, 
as shown, be isolated from ground using insulation 
means such as the illustrated o-ring insulator 26, be- 
tween chamber wall 6 and wafer support pedestal 22, 
which also provides a seal therebetween. Shield 30, 
which is maintained at ground potential, comprises a 
skirt portion 31 parallel to chamber wall 6, an angled 
portion at 32, and a flange portion 33. Skirt portion 31 
acts to protect walls 6 from deposition thereon of 
sputtered material from target 10. 

As shown in Figure 1 , a sputtered atom, such as 
a titanium atom, for example, may collide with a gas 
ion at representative point A and be redirected back 
to front surface 12 of target 10 to impinge thereon at 
point B, if the angle of travel of the reflected atom is 
normal to the plane of target 1 0. More likely, however, 
the sputtered atom will travel back to target 10 at 
some angle to thereby strike target 10 at representa- 
tive points C or D. While redeposit of the sputtered 
atom onto target 10 at representative points B or D 
will present no problem from the standpoint of resput- 
tering of the redeposited material, redeposit of the 



sputtered material at representative point C adjacent 
the end edge of target 10 can create a problem be- 
cause the sputtering rate adjacent the edge of target 
10 is lower than the sputtering rate in the central por- 

5 tions of target 10. This is because the plasma of ion- 
ized gas is not as dense adjacent skirt portion 31 of 
grounded shield 30. 

Thus redeposit of sputtered material on the front 
surface of target 10 adjacent the end edge of target 

10 10, e.g., at point C, can result in a build up of poorly 
adhering material which eventually can flake off, 
thereby causing particles to be present in chamber 2 
which may fall onto the surface of a wafer placed on 
wafer support 20 for processing in chamber 2. 

15 It will be noted, however, that the illustrated re- 

deposit of sputtered material is shown impacting tar- 
get 1 0 at point C at an angle from the point of collision 
A between the sputtered atom and a gas ion with 
which it collided. While collision point A and redepo- 

20 sition point C are only intended to be representative, 
most redepositions at representative point C will be at 
some angle other than perpendicular because, as 
mentioned above, the ion density of the plasma is not 
as great adjacent grounded shield 30. hence fewer 

25 collisions will occur at points adjacent shield 30 which 
could result in perpendicular impacts with target 10 at 
representative point C. 

Therefore, in accordance with the invention, as 
shown in Figures 2 and 3, target 11 of the invention 

30 is formed with a tapered or slanted surface 14 which 
is positioned at an angle a to the plane of front sur- 
face 12a of target 11. Angle a must be at least about 
30°, and preferably may vary from about 35° to about 
70°. Most preferably, angle a will vary from about 40° 

35 to about 60°. By providing this large of a taper at the 
edge of target 11, i.e., this large of a value for angle 
a, most of the reflected atoms will not redeposit on the 
edge or periphery of target 11. 

As shown in Figure 3, slanted or tapered surface 

40 portion 14 of target 11 will commence at a distance b 
from skirt portion 31 of shield 30. Distance b may vary 
from greater than about 5 millimeters (mm) to less 
than about 20 mm, i.e., from greater than about 0.2 
inches to less than about 0.8 inches. Preferably, dis- 

45 tance b will vary from about 10 mm to about 15 mm 
(about 0.4 inches to about 0.6 inches) and typically 
distance b will be about 12.5 mm (about 0.5 inches). 
Tapered surface 14 terminates at point 19 on wing 
portion 11 a of target 11 which is used to mount target 

50 11 in chamber 2. Point 19 on target 11 approximates 
the point at which skirt portion 31 of shield 30 would, 
if extended, intersect target 11. 

It should be noted at this point that the previously 
described apparatus (shown in Figure 1 ) may be used 

55 with the modified target of the invention without mod- 
ification of the remainder of the apparatus which is, 
therefore, designated by the same numerals in Figure 
2. 



3 



5 



EP 0 625 792 A1 



6 



As shown in Figure 2, when a sputtered atom col- 
lides with an ion at point A and is reflected back to 
point C, i.e., is reflected back toward target 11 at the 
same angle as would have resulted in a deposit on the 
surface of target 10 at point C in Figure 1, the provi- 5 
sion of tapered surface 14, in accordance with the in- 
vention, causes the reflected sputtered atom to miss 
surface 12a (and also surface 14) of target 11. The re- 
sult is a substantial reduction in the amount of rede- 
position of sputtered atoms adjacent the end edge of to 
target 11, i.e., on surface 14. That is, the very area 
where resputtering traditionally is the weakest will 
have a reduced rate of redeposition, resulting in a re- 
duced build up of redeposrted material available to 
subsequently flake off and cause undesirable particle 15 
formation in the deposition chamber. 

It should be further noted that an additional ben- 
efit of the provision of tapered surface 14 is an effec- 
tive gradual thinning of the total thickness of target 11 . 
This is a benefit because the magnetic field strength 20 
of magnetron 40 positioned adjacent target 11 varies 
with the square of the distance and the stronger the 
magnetic field, the more the sputter rate will be en- 
hanced. Therefore, where target 11 is thinnest, the 
magnetic field is strongest, resulting in an enhance- 25 
ment of the sputter rate in such a region. Since nor- 
mally the region of target 11 closest to grounded 
shield 30 will have the lowest plasma density, and 
therefore, the lowest sputtering rate, such an in- 
crease in the magnetic field and its resultant benef i- 30 
cial effect on the sputtering rate in the space adjacent 
tapered surface 14 will further enhance the process, 
since any sputtered material which may still redeposit 
on tapered surface 14 will then more likely be resput- 
tered off of tapered surface 14 of target 11 . 35 

While the provision of tapered or slanted surface 
14 will provide a reduction in the amount of sputtered 
material redeposited onto surface 14 of target 10, as 
well as providing an increase in the resputtering rate 
in the region adjacent tapered surface 14, i.e., adja- 40 
cent grounded shield 30, the tapered gap which re- 
sults between tapered surface 14 and the corner 32 
of shield 30 can, in some instances, be detrimental. 
This is because the provision of such a tapered sur- 
face can result in redeposition of the reflected atoms 45 
on o-ring 8. 

While it is not completely understood why this va- 
riable gap may be detrimental, it is preferred that the 
gap between shield 30 and target 11 be constant or 
at least not be expanding until shield 30 turns at 32 50 
to form skirt portion 31, i.e., reaches a position at 
which shield 30 is disposed at approximately a 90° an- 
gle to surface 1 2a of target 11 . While it is not the intent 
to be bound by any particular theories of operation, it 
is believed that expansion of this gap between shield 55 
30 and target 11 as shield 30 is bending or curving at 
32 will provide an enhanced opportunity for undesir- 
able deposition on o-ring 8 without a corresponding 



increase in the redeposition rate due to the proximity 
of grounded shield 30 to target 11 in this region. 

Therefore, in accordance with a preferred em- 
bodiment of the invention, as shown in Figure 4, a first 
tapered surface 15 is provided on target 1V which ter- 
minates, as shown in Figure 4, at a point 17 which is 
a distance c from the commencement of first tapered 
surface 15 at point 18, i.e., from intersection point 18 
of tapered surface 15 with central target surface 12a. 
Distance c may vary from greater than about 3 mm to 
less than about 18 mm (greater than about 0.12 in- 
ches to less than about 0.72 inches). Preferably, dis- 
tance c will vary from about 8 mm to about 13 mm 
(about. 0.32 inches to about 0.52 inches) and typically 
distance b will be about 10.5 mm (about 0.42 inches) 

This will provide a gap or distance d, between 
point 17 on target 11' and skirt portion 31 of shield 30, 
as shown in Figures 4 and 5, which will vary from 
about 1.5 mm to about 2.5 mm (about 0.06 inch to 
about 0.1 inch), typically about 2 mm (about 0.8 in- 
ches). 

Target 11' is further provided with a second ta- 
pered surface 16 which commences at point 17 and 
extends to point 19, i.e., the commencement of wing 
portion 11a of target 11'. The slope of second tapered 
surface 16 defines an angle p with a plane perpendic- 
ular to the plane of surface 12a on target 11\ i.e., an 
angle 90° - p with the plane of surface 12a of target 
11'. Angle p may vary f rom about 5° to about 20°, and 
preferably from about 7° to about 1 5°. Typically angle 
P will range from about 10° to about 12°. Target 
11' will then provide the desired improvement in re- 
duced redeposition of sputtered target material back 
on the outer edges of target 11' or on o-ring 8, as well 
as maintaining the desired spacing or gap d between 
target 11' and skirt portion 31 of shield 30 extending 
parallel to wall 6 of deposition chamber 2. 

Thus, the invention provides an improved appa- 
ratus and process for sputtering, and particularly for 
reactive sputtering, wherein the front surface of the 
target facing the substrate to be deposited upon is ta- 
pered away from the front surface at the periphery of 
the target surface, i.e., adjacent the shield, so that re- 
deposition of sputtered material back onto the periph- 
eral portions of the target surface is inhibited. 



Claims 

1 . A sputter deposition apparatus suitable for use in 
the deposition of materials on a substrate surface 
for the formation of an integrated circuit structure 
thereon wherein an outer portion of the surface 
of a generally circular sputtering target in said 
sputter deposition apparatus is provided with a 
taper of at least about 30° with respect to the re- 
maining central portion of said target surface. 
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2. The sputter deposition apparatus of claim 1 
wherein the angle of said outer tapered surface 
portion of said target, with respect to said central 
portion of said target surface, varies from about 
35° to about 70°. 



6. A sputter deposition apparatus suitable for use in 
the deposition of materials on a substrate surface 
for the formation of an integrated circuit structure 
thereon comprising a sputtering chamber having 
a sputtering target member therein comprising a 
generally circular central sputtering target por- 
tion having a planar surface thereon, and outer 
mounting wings; wherein an outer portion of said 
planar surface of said generally circular sputter- 
ing target portion, adjacent an outer edge of said 
central target portion, is tapered at an angle, with 
respect to said planar surface thereon, which va- 
nop from oKoijf 35° to about 70° and which ta~ 
pered surface extends from said planar target 
surface to said outer mounting wings a distance 
of from greater than about 5mm to less than 
about 20mm, as measured from a circular shield 
surrounding said outer edge of said generally cir- 
cular central sputtering target portion along a line 
lying in said planar target surface. 

7. The sputter deposition apparatus of claim 6 
wherein said angle of said outer tapered surface 
of said target, with respect to said central planar 
portion of said target surface, varies from about 
40° to about 60°. 

8. The sputter deposition apparatus of claim 6 or 



claim 7 wherein said outer tapered surface of said 
target extends inwardly from said shield a dis- 
tance of from about 10mm to about 15mm, as 
measured along said line lying in said planar tar- 
5 get surface. 

9. The sputter deposition apparatus of claim 8 
wherein said outer tapered surface of said target 
extends inwardly from said shield a distance of 
about 12.5mm, as measured along a line lying in 
said planar target surface. 

10. A sputter deposition apparatus suitable for use in 
the deposition of materials on a substrate surface 
for the formation of an integrated circuit structure 
thereon comprising a sputtering chamber, a sput- 
tering target member therein comprising a gener- 
ally circular central sputtering target portion hav- 
ing a planar target surface thereon, and outer 
mounting wings for mounting said target member 
in said chamber; said central sputtering target 
portion further comprising: 

a) a first tapered surface, commencing at the 
outer edge of said planar target surface, 
which is tapered at an angle, with respect to 
said planar target surface of at least about 
30°; and 

b) a second tapered surface commencing at 
the outer edge of said first tapered surface 
and extending to said outer mounting wings. 

11. The sputter deposition apparatus of claim 10 
wherein said first tapered surface is tapered at an 
angle, with respect to said planar target surface, 

35 which varies from about 35° to about 70°. 

12. The sputter deposition apparatus of claim 11 
wherein said first tapered surface is tapered at an 
angle, with respect to said planar target surface, 

40 which varies from about 40° to about 60°. 

13. The sputter deposition apparatus of any of claims 
1 Q to 12, wherein said first tapered surface com- 
mences adjacent said planar target surface at a 

45 distance of from greater than about 5mm to less 

than about 20mm from a circular shield surround- 
ing said outer edge of said generally circular cen- 
tral sputtering target portion, as measured along 
a line lying in said planar target surface; said first 
50 tapered surface extending, as measure along 
said line, to a distance of from about 1.5mm to 
about 2.5mm from said shield. 

14. The sputter dpeosition apparatus of claim 13 
55 wherein said first tapered surface commences 

adjacent said planar target surface at a distance 
of from about 10mm to about 15mm from a circu- 
lar shield surrounding said outer edge of said 



3. The sputter deposition apparatus of claim 2 
wherein the angle of said outer tapered surface 
portion of said target, with respect to said central 
portion of said target surface, varies from about to 
40° to about 60°. 

4. The sputter deposition apparatus of any of claims 
1 to 3, wherein said outer tapered surface portion 
of said target commences at said central portion 1 5 
of said target surface at a distance of from about 
greater than 5mm to less than about 20mm from 
a circular shield surrounding an end edge of said 
target, as measured along a line lying in the plane 
of said remainder of said target surface. 20 

5. The sputter deposition apparatus of any of claims 
1 to 3, wherein said outer tapered surface portion 
of said target commences at said central portion 
of said target surface at a distance of from about 25 
10mm to about 15mm from a circular shield sur- 
rounding an end edge of said target, as measured 
along a line lying in the plane of said remainder 
of said target surface. 
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generally circular central sputtering target por- 
tion, as measured along a line lying in said planar 
target surface; said first tapered surface extend- 
ing, as measured along said line, to a distance of 
from about 12.5mm to about 2.5mm from said 
shield. 

15. The sputter deposition apparatus of claim 13 or 
claim 14 wherein said second tapered surface 
commences adjacent the outer edge of said first 
tapered surface and is tapered at an angle, with 
respect to said planar target surface, ranging 
from about 70° to about 85°. 

16. The sputter deposition apparatus of claim 15 
wherein said second tapered surface commenc- 
es adjacent the outer edge of said first tapered 
surface and is tapered at an angle, with respect 
to said planar target surface, ranging from about 
75° to about 83°. 

17. The sputter deposition apparatus of claim 15 
wherein said second tapered surface commenc- 
es at the outer edge of said first tapered surface 
and extends to said outer mounting wings a dis- 
tance of from about 1.5mm to about 2.5mm P as 
measured along a line lying in said planar target 
surface. 

1 8. A sputter deposition apparatus suitable for use in 
the deposition of materials on a substrate surface 
for the formation of an integrated circuit structure 
thereon comprising a sputtering chamber; a sput- 
tering target member therein comprising a gener- 
ally circular central sputtering target portion hav- 
ing a planar target surface thereon, and outer 
mounting wings, for mounting said target member 
in said chamber; said central sputtering target 
portion further comprising: 

a) a first tapered surface commencing at the 
outer edge of said planar target surface, said 
first tapered surface being tapered at an an- 
gle, with respect tc said planar target surface, 
which varies from about 40° to about 60°; and 

b) a second tapered surface commencing at 
the outer edge of said first tapered surface 
and extending to said outer mounting wings, 
said second tapered surface being tapered at 
an angle, with respect to said planar target 
surface, ranging from about 70° to about 85°. 

19. The sputter deposition apparatus of claim 18 
wherein said first tapered surface commences 
adjacent said planar target surface at a distance 
of from about 1 0mm to about 1 5mm from a circu- 
lar shield surrounding said outer edge of said 
generally circular central sputtering target por- 
tion, as measured along a line lying in said planar 



target surface; said first tapered surface extend- 
ing, as measured along said line, to a distance of 
from about 1.5mm to about 2.5mm from. said 
shield. 

5 

20. The sputter deposition apparatus of claim 18 
wherein said second tapered surface commenc- 
es at the outer edge of said first tapered surface 
and extends to said outer mounting wings a dis- 

10 tance of from about 1 .5mm to about 2.5mm, as 

measured along a line lying in said planar target 
surface. 

21. A sputter deposition process for use in the depos- 
15 ition of materials on a substrate surface for the 

formation of an integrated circuit structure there- 
on which comprises sputtering material from a 
sputtering target having an outer portion of the 
target surface thereof tapered with respect to the 
20 remaining central portion of said target surface. 
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